Digital Camera Math!

This is a 9200x9200 image sensor for a digital
camera. The grey area contains the individual
‘pixel’ elements. Each square pixel is about 8
micrometers (8 microns) wide, and is sensitive
to light. The pixels accumulate electrons as
light falls on them, and computers read out
each pixel and create the picture.

Problem 1 — An amateur astronomer purchases a 6.1 megapixel digital camera. The sensor
measures 20 mm x 20 mm. What is the format of the CCD sensor, and about how wide are

each of the pixels in microns?

Problem 2 — Suppose that with the telescope optical system, the entire full moon will fit inside
the square CCD sensor. If the angular diameter of the moon is 1800 arcseconds, about what

Digital cameras are everywhere! They are in
your cell phones, computers, iPads and countless
other applications that you may not even be aware
of.

In astronomy, digital cameras were first
developed in the 1970s to replace and extend
photographic film techniques for detecting faint
objects. Digital cameras are not only easy to operate
and require no chemicals to make the images, but
the data is already in digital form so that computers
can quickly process the images.

Commercially, digital cameras are referred
to by the total number of pixels they contain. A ‘1
megapixel camera’ can have a square-shaped
sensor with 1024x1024 pixels. This says nothing
about the sensitivity of the camera, only how big an
image it can create from the camera lenses.
Although the largest commercial digital camera has
80 megapixels in a 10328x7760 format, the largest
astronomical camera developed for the Large
Synoptic Survey Telescope uses 3200 megapixels
(3.2 gigapixels)!

is the resolution of each pixel in the camera?

Problem 3 — The LSST digital camera is 3.2 gigapixels in a 10328x7760 format. If the long
side of the field covers an angular range of 3.5 degrees, what is the angular resolution of this

CCD camera in arcseconds/pixel?
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Answer Key

Problem 1 — An amateur astronomer purchases a 6.1 megapixel digital camera. The sensor
measures 20 mm x 20 mm. What is the format of the CCD sensor, and about how wide are
each of the pixels in microns?

Answer: This is a square array, so s2 = 6100000 pixels and so s = 2469 pixels. The format is
2469 x 2469 pixels. Since the width of a side is 20 mm, each pixel is about 20 mm/2469 =
0.0000081 meters or 8.1 microns on a side.

Problem 2 — Suppose that with the telescope optical system, the entire full moon will fit inside
the square CCD sensor. If the angular diameter of the moon is 1800 arcseconds, about what is
the resolution of each pixel in the camera?

Answer: 1800 arcseconds/2469 pixels = 0.7 arcseconds/pixel.

Problem 3 — The LSST digital camera is 3.2 gigapixels in a 10328x7760 format. If the long
side of the field covers an angular range of 3.5 degrees, what is the angular resolution of this
CCD camera in arcseconds/pixel?

Answer: 1 degree = 3600 arcseconds, so 3.5 degrees = 12600 arcseconds. Then 12600
arcseconds/10328 pixels = 1.2 arcseconds/pixel.
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